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HIGHLIGHTS 


•  LaNii_xMgx03  is  used  for  bi-functional  air  electrode  in  Li— air  batteries. 

•  LaNii_xMgx03  has  higher  Ni3+/Ni2+  ratio  and  will  absorb  hydroxyl  on  the  surface. 

•  Higher  initial  capacities  of  LaNii_xMgx03  in  Li-air  batteries  are  reported. 
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Mg-doped  perovskite  oxides  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  electrocatalysts  are  synthesized  by  a  sol 
-gel  method  using  citric  acid  as  complex  agent  and  ethylene  glycol  as  thickening  agent.  The  intrinsic 
oxygen  reduction  reaction  (ORR)  and  oxygen  evolution  reaction  (OER)  activity  of  as-prepared  perovskite 
oxides  in  aqueous  electrolyte  are  examined  on  a  rotating  disk  electrode  (RDE)  set  up.  Li-air  primary 
batteries  on  the  basis  of  Mg-doped  perovskite  oxides  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  and  nonaqueous 
electrolyte  are  also  fabricated  and  tested.  In  terms  of  the  ORR  current  densities  and  OER  current  den¬ 
sities,  the  performance  is  enhanced  in  the  order  of  LaNi03,  LaNio.92Mgo.os03  and  LaNio.s5Mgo.15O5.  Most 
notably,  partially  substituting  nickel  with  magnesium  suppresses  formation  of  Ni2+  and  ensures  high 
concentration  of  both  OER  and  ORR  reaction  energy  favorable  Ni3+  (eg  =  1)  on  the  surface  of  perovskite 
catalysts.  Nonaqueous  Li-air  primary  battery  using  LaNi0.92Mgo.os03  and  LaNio.s5Mgo.15O5  as  the  cathode 
catalysts  exhibit  improved  performances  compared  with  LaNi03  catalyst,  which  are  consistent  with  the 
ORR  current  densities. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Li— air  batteries  have  recently  raised  widespread  concerns 
because  of  their  significantly  higher  theoretical  specific  energy 
density  (5200  Wh  kg-1  based  on  full  utilization  of  a  lithium  anode 
including  the  mass  of  oxygen)  than  Li  ion  batteries,  low  cost,  and 
environ-mentally  friendly  operation  [1,2].  Nonetheless,  these  bat¬ 
teries  with  non-aqueous  electrolyte  have  considerable  challenges. 
According  to  some  researchers  [3-5],  in  non-aqueous  rechargeable 
Li-air  batteries,  the  principal  electrode  reactions  are  thought  to  be: 
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2  Li  Hh  O.5O2 Li20 

a) 

2  Li  +  O2  <->Li202 

(2) 

Charge  and  discharge  reactions  need  to  be  catalyzed  to  reduce 
kinetic  losses  because  of  breaking  and  forming  of  the  0-0  bond 
on  discharge  and  charge,  respectively  [6-8].  The  group  of  Yang 
Shao-horn  has  developed  platinum-gold  nanoparticles  exhibit¬ 
ing  bi-functional  catalytic  activity  for  rechargeable  Li-air  battery 
[9].  Thapa  et  al.  [10,11  j  have  reported  mesoporous  Pd/Mn02  with 
a  charging  potential  of  3.6  V  and  a  reversible  capacity  of  ca. 
545  mAh  grdtaiyst  observed  at  0.025  mA  cm-2.  Platinum  nano¬ 
particle-graphene  hybrids  have  also  been  successfully  synthe¬ 
sized  severed  as  cathode  catalysts  for  Li-air  battery  [12]. 
However,  the  limited  availability  and  high  cost  of  the  noble 
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Fig.  1.  (a)  XRD  patterns  of  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  perovskite  oxides.  SEM  images  of  (b)  LaNi03,  (c)  LaNi0.92Mg0.08O3,  (d)  LaNio.85Mgo.15O3. 


metal-based  bi-functional  catalysts  prevent  their  large-scale  ap¬ 
plications  in  the  Li-air  batteries.  Therefore  it  is  extremely  sig¬ 
nificant  to  develop  cost-effective,  corrosion-resistant,  and  highly 
active  bi-functional  catalysts  for  both  ORR  and  OER  kinetics  in  Li- 
air  batteries. 

Perovskite  materials  have  been  widely  used  as  catalysts  for  fuel 
cells  and  metal-air  batteries  owing  to  their  defective  structures, 
excellent  oxygen  mobility  and  low  cost.  LaNiOs  is  considered  to 
have  excellent  both  ORR  and  OER  catalytic  performance  because 
that  Ni3+  at  B  site  in  the  perovskite  structure  has  single  electron- 
filled  eg  orbit,  and  therefore,  provides  the  favorable  bond  energy 
of  M(B  site)— O  bond  for  ORR  and  OER.  However,  presence  of  Ni2+  in 
LaNi03  results  in  eg  >  1,  decreases  its  ORR  catalytic  activity.  In  the 
light  of  tuning  the  strength  of  Ni-0  bond  covalency  to  sustain  good 
catalytic  performance,  both  B-site  and/or  A-site  doping  on  LaNi03 
has  been  demonstrated  to  be  beneficial.  The  improved  OER  activ¬ 
ities  of  perovskites  are  related  to  the  high  covalency  of  transition 
metal-oxygen  bonds  [13].  Suntivich  and  co-workers  have  recently 
reported  that  LaNi03  catalysts  show  comparable  performances  to 
platinum  nanoparticles  in  actual  fuel  cell  cathodes  [14],  which 
arises  our  interest  in  studying  the  catalytic  property  of  partially 
substituting  Ni  with  other  cations. 

Herein,  we  demonstrated  the  feasibility  of  improved  electro- 
catalytic  activities  of  LaNii_xMgx03  catalysts  using  the  thin-film 
RDE  technique  [14,15],  and  Li— air  batteries  with  such  perovskites 
as  cathode  catalysts  of  non-aqueous  electrolyte  were  also 
investigated. 


2.  Experimental  section 

2.1.  Synthesis  of  materials 

Perovskite  oxide  nanoparticles  were  synthesized  by  the  sol-gel 
method.  Briefly,  desired  amounts  of  La(N03)3-xH20, 
Mg(N03)2-4H20  and  Ni(N03)2-6H20  (Sinopharm,  reagent  grade) 
were  dissolved  in  deionized  water,  respectively.  Subsequently, 
these  metal  nitrates  were  gradually  added  to  a  mixture  of  citric  acid 
(HOC(COOH)(CH2COOH)2,  >99.5%)  and  ethylene  glycol  (HOCH2. 
CH2OH,  99.8%)  under  stirring  conditions  at  60  °C.  The  molar  ratios 


Table  1 

Binding  energies  obtained  by  XPS. 


Catalyst 

La  3d5/2 

Ni  2p3/2 

Mg  Is 

O  Is 

LaNi03 

834.7 

854.5 

- 

528.16 

856.0 

529.29 

531.0 

532.02 

LaNio.92Mgo.08O3 

834.7 

854.7 

1302.7 

528.4 

856.0 

1304.3 

529.3 

531.02 

532.02 

LaNio.85Mgo.15O3 

834.6 

854.6 

1302.3 

528.1 

855.9 

1304.3 

529.3 

531.0 

532.01 
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Fig.  2.  Ni  2p3/2(a),  Ols  (b)  and  Mg  Is  (c)  spectra  of  LaNi^xMgxOs  ( x  =  0,  0.08,  0.15) 
perovskite  oxides. 


of  metal  cations:  citric  acid:  ethylene  glycol  were  maintained  at 
1: 1.5:3.  The  resulting  solution  was  heated  to  80  °C  to  form  a  viscous 
gel.  The  gel  was  heated  at  250  °C  until  an  amorphous  citrate  pre¬ 
cursor  was  obtained.  The  precursor  was  milled  and  finally  calcined 
in  air  at  750  °C  for  2  h  to  obtain  perovskite  oxide  powders. 


Table  2 

Surface  composition  (atomic  %)  obtained  by  XPS  (not  including  carbon). 


Catalyst 

Ni/La 

Mg/La 

O/La 

LaNi03 

1.51 

- 

5.50 

LaNio.92Mgo.o803 

1.28 

0.06 

4.07 

LaNio.85Mgo.15O9 

1.17 

0.17 

3.55 

2.2.  Characterization  of  materials 

The  crystal  phase  and  purity  of  the  as-prepared  powders  were 
recorded  by  X-ray  powder  diffraction  with  a  Cu  Ka  radiation  of 
1.54056  A  from  20°  to  80°.  Field-emission  scanning  electron  mi¬ 
croscopy  images  were  collected  with  a  Hitachi  SU8020  at  an  ac¬ 
celeration  voltage  of  3  kV.  X-ray  photoelectron  spectra  (XPS)  were 
obtained  on  a  RigakuD/MAX2500V  X-ray  photoelectron  spec¬ 
trometer  with  an  exciting  source  of  Mg  Ka  (1253.6  eV). 

2.3.  Electrochemical  measurements 

1  mg  of  perovskite  oxide  powders  mixed  with  4.25  mg  of  XC-72 
carbon  and  64  pL  of  5  wt%  Nation  solutions  were  dispersed  in  1  mL 
of  3:1  vol/volwater/isopropanol  mixed  solvent  by  about  40  min 
sonication  to  form  a  homogeneous  ink.  An  aliquot  of  3  pL  of  sus¬ 
pension  was  drop-casted  onto  a  glassy  carbon  disk  electrode  (3  mm 
diameter,  0.071  cm2  area)  previously  polished  with  a  0.05  pm 
alumina  slurry  on  a  clean  polishing  cloth,  sequentially  rinsed  with 
distilled  water  and  ethanol,  and  then  dried  with  N2,  yielding  a  final 
composition  of  0.2  mg_cataiyst  cm~2_diSk-  The  electrode  was  then 
dried  slowly  inside  a  closed  container  to  obtain  the  catalyst  parti¬ 
cles  film  deposited  onto  the  glassy  carbon  electrode. 

Linear  scanning  voltammetry  was  conducted  in  a  three  elec¬ 
trode  configuration,  which  consisted  of  a  platinum  electrode  as  a 
counter  electrode,  a  saturated  calomel  electrode  as  a  reference 
electrode  and  0.1  M  potassium  hydroxide  (KOH)  prepared  from 
deionized  water  and  KOH  pellets  (99.99%)  used  as  the  electrolyte. 
The  glassy  carbon  electrode  loaded  with  catalyst  was  immersed 
into  the  N2-purged  electrolyte  for  at  least  30  min  prior  to  study. 
After  steady-state  CVs  were  obtained  in  nitrogen,  the  gas  line  to 
supply  02  was  purged  for  another  30  min,  and  then  ORR  polari¬ 
zation  curve  was  tested  from  0  V  to  -1.0  V  vs.  SCE,  followed  by  a 
voltage  scan  from  -0.2-1.2  V  to  examine  the  OER  polarization 


Fig.  3.  ORR  polarization  curves  of  Glass  Carbon  electrode,  XC-72,  LaNi03, 
LaNi0.92Mgo.o803,  LaNi0.85Mg0.i5O3  in  02  saturated  in  aqueous  electrolyte,  0.1  M  KOH 
with  a  sweep  rate  of  10  mV  s-1  at  1600  rpm. 
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curve.  Electrochemical  data  were  collected  with  an  Autolab  elec¬ 
trochemical  workstation.  The  electrochemical  properties  were 
carried  out  by  assembling  Li— air  batteries  described  elsewhere 
[16,17  in  a  glove  box  filled  with  pure  argon  gas,  applying  a  lithium 
pellet  as  the  anode,  1  M  solution  of  LiPF6  in  ethylene  carbon  (EC)/ 
dimethyl  carbonate  (DMC)  as  the  electrolyte,  glass  paper  and  two 
layers  of  Celgard®  polypropylene  as  separator,  and  carbon  paper- 
supported  catalysts  as  cathode  electrodes.  Galvanostatic 
discharge  was  studied  in  a  potential  range  of  4.2-2.0  V  vs.  Li/Li+ 
with  a  multichannel  battery  testing  system  (LAND  CT  2001A). 

3.  Results  and  discussion 

The  power  XRD  data  of  Fig.  1(a)  shows  that  the  as-prepared 
LaNii_xMgx03  perovskite  oxides  exhibit  consistent  diffraction 
peaks  with  those  of  the  LaNi03,  which  has  a  rhombohedral  struc¬ 
ture  with  space  group  R3c  (PDF  card  no.  01-079-2451:  a  =  5.457  A 
b  =  5.457  A  c  =  13.160  A).  NiO  which  is  a  common  impurity  in 


LaNi03  and  other  impurity  phases  are  not  observed  in  the  doped 
samples  even  with  a  high  doping  amount  of  15%  in 
LaNio.85Mno.15O3,  indicating  of  a  successful  partially  substitution  Ni 
of  Mg  on  B  site.  Fig.  1(b)— (d)  clearly  shows  the  morphologies  of  the 
as-synthesized  perovskite  powders.  As  shown  in  Fig.  1(b)— (d),  an 
agglomeration  with  a  honeycomb-like  structure  could  be  observed 
and  the  size  of  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  particles  remain 
unchanged  with  the  increasing  amounts  of  Mg. 

The  relative  abundance  of  surface  species  is  revealed  by  X-ray 
photoelectron  spectroscopy  and  the  binding  energies  of  La  3ds/2,  Ni 
2p3/2,  Mg  Is  and  O  Is  are  presented  in  Table  1.  Fig.  2(a)  displays  the 
Ni  2p3/2  XP-spectra  of  LaNii_xMg03  perovskites.  Upon  deconvolu¬ 
tion,  two  Ni  2p3/2  peaks  corresponding  to  different  chemical  states 
(854.3  eV  typical  for  Ni2+,  856  eV  typical  for  Ni3+)  can  be  observed. 
The  signal  fraction  of  the  species  with  lower  oxidation  state  (Ni2+) 
is  diminishing  with  the  replacement  of  Ni  by  Mg,  suggesting  that 
the  addition  of  Mg  favored  Ni3+  species  generation.  The  Ni3+/Ni2+ 
ratio  of  LaNio.85Mgo.15O3  (0.91)  is  significantly  higher  than  that  of 


Fig.  4.  ORR  polarization  curves  of  (a)  AC,  (b)  LaNi03,  (c)  LaNi0.92Mg0.08O3,  (d)  LaNio.g5Mgo.15O3  under  different  rotating  rates,  (e)  Koutecky-Levich  plot  based  on  ORR  polarization 
curves  at  -0.7  V. 
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Fig.  5.  OER  polarization  curves  of  Glass  Carbon,  XC-72,  LaNi03,  LaNio.92Mgo.osO3, 
LaNio.g5Mgo.15O3  in  02  saturated  in  aqueous  electrolyte,  0.1  M  KOH  with  a  sweep  rate  of 
10  mV  s"1  at  1600  rpm. 


L3Ni0.92Mg0.08O3  (0.75)  and  LaNiC>3  (0.52).  According  to  previous 
hypothesis  of  Jin  Suntivich  et  al.  [13,18],  the  existence  of  Ni3+  or 
Ni4+  is  beneficial  for  both  ORR  and  OER  activity. 

The  Mg  Is  region  (Fig.  2(c))  shows  a  band  wide  enough  to 
include  contributions  from  Mg-OH  (1302.71  eV)  and  Mg-O-M 
(1304.3  eV)  oxidation  states,  which  are  not  similar  to  Mg-0 
(133.09)  oxidation  state,  indicating  the  Mg2+  ions  in  the  LaNi03 
perovskite  structure. 

Upon  deconvolution,  four  peaks  representing  four  different 
oxygen  species,  can  be  distinguished  from  the  O  Is  spectrum 
(Fig.  2(b)).  The  first  two  peaks  located  at  low  binding  energy 
(528.4  eV,  529.3  eV)  are  ascribed  to  the  lattice  oxygen,  O2-  species 
in  lanthanum  oxide  and  nickel  oxide.  Two  peaks  located  at  531.01 
and  532.02  eV  are  close  to  that  has  been  found  from  lanthanum  and 
nickel  hydroxides  [19].  It  is  notable  that  the  latter  two  peaks 
become  stronger  with  larger  Mg-doping,  indicating  an  increase  of 
absorbed  hydroxyl  on  the  surface  of  the  catalyst  and  a  stronger 
covalency  of  B-0  bond.  It  has  been  shown  that  the  ORR  kinetics  is 
limited  by  the  rate  of  02_/OH  displacement  and  OH-  regeneration 
and  that  the  greater  the  covalent  contribution  to  the  B-02  bond, 
the  faster  ORR  kinetics  [18].  It  has  been  also  known  previously  that 
the  rate-determining  step  of  the  OER  on  perovskite  oxides  is  gov¬ 
erned  by  the  concentration  of  hydroxide  species  that  participate  in 
the  formation  of  the  0—0  bond  in  hydroperoxide,  thus,  the  high 
lattice  hydroxide  concentration  on  the  surface  of  perovskite  oxides 
increases  the  rate  at  which  HOO-  forms  and  consequently  the  rate 
at  which  the  OER  proceeds.  Surface  compositions  obtained  by  XPS 
are  summarized  in  Table  2.  It  can  be  noted  that  the  Ni/La  ratio  on 
the  surface  of  catalysts  decreases  dramatically,  from  1.51  to  1.17, 
after  Mg-doping.  Even  after  taking  the  15%  doping  amount  into 
account,  the  significant  23%  decrease  of  Ni/La  ratio  still  provides 
steady  evidence  that  Mg-doping  successfully  suppressed  NiO  for¬ 
mation  on  the  surface  of  LaNi03,  which  has  been  previously 
addressed  from  the  XRD  patterns.  Since  NiO  is  inactive  both  in  ORR 
and  OER,  elimination  of  NiO  on  the  surface  leads  to  more  accessible 
active  sites  during  catalytic  reactions. 

We  used  rotating-disk  electrode  (RDE)  measurements  to  reveal 
the  ORR  and  OER  kinetics  of  the  as-prepared  catalyst  in  aqueous 
electrolyte,  0.1  M  KOH.  Fig.  3  shows  the  data  for  ORR  on  Glass 
carbon,  XC-72,  and  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  perovskite 
oxides  in  02-satured  in  0.1  M  KOH  at  a  scan  rate  of  10  mV  s-1 
between  -1.0  and  0  V  vs.  SCE  obtained  using  the  rotating  disk 


electrode  technique.  LaNio.85Mgo.15O3  exhibits  more  positive  ORR 
onset  potential  and  higher  diffusion-limiting  ORR  current  than 
Glass  carbon,  XC-72,  LaNi03,  and  LaNio.92Mgo.osO3.  The  ORR  onset 
potential  of  LaNio.85Mgo.15O3  is  approximately  -0.05  V,  more  pos¬ 
itive  than  that  of  LaNiOs  (-0.161  V),  LaNio.92Mgo.osO3  (-0.14  V),  XC- 
72  (-0.21  V),  and  Glass  carbon  (-0.29  V).  Fig.  3  also  reveals  that 
among  LaNi03,  LaNio.92Mgo.osO3  and  LaNio.85Mgo.15O3  samples, 
LaNio.85Mgo.15O3  performances  the  largest  diffusion-limiting  ORR 
current.  At  a  potential  of  -0.6  V  vs.  SCE,  the  ORR  current  of  the 
LaNio.85Mgo.15O3  electrode  ( ~4.67  mA  cm-2)  is  slightly  higher  than 
that  of  the  LaNio.92Mgo.osO3  electrode  ( ~0.40  mA  cm-2),  and  much 
higher  than  that  of  the  LaNi03  electrode  ( ~  2.18  mA  cm-2).  The  high 
electrocatalytic  activity  indicates  that  the  LaNio.85Mgo.15O3  catalyst 
with  high  Ni3+/Ni2+  ratio  could  promote  adsorption/desorption  of 
oxygen  and  thus  the  ORR  activity  in  an  alkaline  electrolyte.  At  the 
same  time,  the  appreciable  activity  of  Mg-doped  LaNii_xMgx03 
perovskite  oxides  for  the  ORR  correlates  to  the  improved  covalency 
of  Ni-0  bond  facilitating  the  02-/OH-exchange,  which  is  consid¬ 
ered  to  be  the  rate-determining  step  of  ORR  for  perovskite  oxides 
[18]. 

Fig.  4(a— d)  shows  the  linear  scanning  voltammograms  of  the 
catalyst-coated  RDE  obtained  as  a  function  of  rotation  rate  from  0  to 
2000  rpm.  The  ORR  reaction  kinetics  was  further  examined  using 
the  Koutecky— Levich  correlation 

l/i  =  -1  j nFAKC0  -  1  /o.62nFAD^v  VecV2 

where  i  corresponds  to  the  measured  current,  n  is  the  overall 
transferred  electron  number,  F  is  the  Faraday  constant,  C°  is  the 
saturated  concentration  of  oxygen  in  0.1  M  KOH  solution,  A  is  the 
geometric  area  of  the  electrode,  w  is  the  rotating  rate,  D02  is  the 
diffusion  coefficient  of  oxygen,  v  is  the  kinetic  viscosity  of  the  so¬ 
lution,  and  k  is  the  rate  constant  for  oxygen  reduction. 

The  Koutecky— Levich  plots  are  shown  in  Fig.  4(e).  Based  on  the 
average  values  calculated  from  different  potentials,  overall  electron 
transfer  numbers  of  XC-72,  LaNiCU  nanoparticles,  LaNio.92Mgo.osO3 
nanoparticles  +  AC  and  LaNio.85Mgo.15O3  nanoparticles  +  XC-72  are, 
respectively,  2.1,  2.3,  3.4,  and  3.9.  And  the  overall  electron  transfer 
number  of  LaNio.85Mgo.15O3  nanoparticles  +  XC-72  (n  =  3.9)  is  quite 
close  to  the  theoretical  value  (4.0)  for  the  ORR  in  alkaline  solution. 

The  efficiency  of  rechargeable  Li— air  batteries  is  limited  not  only 
by  the  slow  kinetic  of  the  oxygen  reduction  reaction  (ORR)  but  also 
the  oxidation  evolution  reaction  (OER)  [14].  The  OER  polarization 


Fig.  6.  Discharge  curves  of  Li-air  batteries  using  LaNii_xMgx03  perovskite  oxides  as 
the  air  electrodes. 
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curves  were  examined  in  02-satured  in  0.1  M  KOH  from  -0.2  V  to 
1.2  V  vs.  SCE  by  RDE  technique,  with  the  same  electrolyte,  working 
electrode,  and  scan  rate  as  those  in  ORR,  shown  in  Fig.  5. 
LaNi0.92Mg0.08O3  and  LaNi03  have  similar  onset  potentials,  which  is 
286  mV  lower  than  that  of  the  LaNio.85Mgo.15O3.  Meanwhile,  the 
current  at  1.0  V  of  LaNio.s5Mgo.15O3  is  about  two  and  five  times 
higher  than  LaNio.92Mgo.osO3  and  LaNi03  respectively.  This 
behavior  is  mainly  due  to  more  absorbed  hydroxyl  on  the  surface  of 
the  Mg  substituted  perovskite  oxides.  The  concentration  of  hy¬ 
droxide  species  that  participate  in  the  formation  of  the  0-0  bond 
in  hydroperoxide  could  influence  the  formation  of  the  0-0  bond  in 
hydroperoxide  2,20];  and  the  higher  lattice  hydroxide  concentra¬ 
tion  of  LaNi03  the  faster  rate  at  which  HOCT  forms  and  conse¬ 
quently  the  higher  OER  electrocatalytic  activity  [21,22].  This  also  be 
ascribed  to  more  rapid  oxygen  adsorption  and  desorption  in  OER 
when  the  LaNio.s5Mgo.15O3  is  used  as  catalyst,  since  greater  cova¬ 
lency  between  Ni  and  oxygen  of  LaNio.s5Mgo.15O3  promotes  the 
charge  transfer  between  surface  cations  and  adsorbates  such  as 
02_and  O2-  in  the  OER,  therefore  resulting  in  higher  OER  activity. 
The  improved  electrocatalytic  performances  suggest  that  the  as- 
prepared  Mg  doped  perovskite-type  oxides  LaNii_xMgx03  (x  =  0, 
0.08,  0.15)  are  very  promising  candidates  for  the  development  of 
rechargeable  Li-air  batteries. 

Fig.  6  shows  the  electrocatalytic  performances  of  as-prepared 
catalysts  for  Li— air  batteries  with  carbonate  organic  electrolytes 
at  a  potential  range  of  2.0  V— 3.3  V.  For  the  three  catalysts,  the 
discharge  capacities  presented  here  are  in  accordance  with  the 
results  of  ORR  polarization  curves.  Not  surprisingly,  the 
LaNi0.85Mg0.i5O3-based  carbon  air  electrode  exhibits  a  discharge 
capacity  as  high  as  620  mAh  g-1  with  a  plateau  at  around  2.7  V  on 
the  first  cycle.  The  capacity  of  LaNio.85Mgo.15O3  electrodes  is 
significantly  higher  than  that  of  LaNi03  (300  mAh  g-1)  and 
LaNi0.92Mg0.08O3  (490  mAh  g  1).  This  trend  demonstrates  that  the 
Mg  substituted  LaNi03  perovskites  as  the  bi-functional  catalyst  lead 
to  a  significant  improvement  in  the  electrochemical  performance  of 
Li-air  batteries.  Here,  the  enhanced  discharge  capacity  in  Li-air 
batteries  might  be  attributed  to  two  possible  factors.  Increased 
Ni3+/Ni2+  ratio  and  absorbed  hydroxyl  on  the  surface  of  Mg 
substituted  perovskites  strongly  increase  oxygen  mobility  at  a 
lower  scale,  and  thus  improve  the  kinetics  of  the  oxygen  reduction 
reaction. 

4.  Conclusions 

LaNiC>3,  LaNi0.92Mg0.08O3  and  LaNio.85Mgo.15O3  were  synthesized 
using  sol-gel  method  and  the  electrocatalytic  activity  was  exam¬ 
ined  in  0.1  M  KOH.  Results  based  on  the  thin-film  RDE  method 
indicate  that  Mg-substituted  perovskites  are  higher-performance 
catalysts  for  both  the  ORR  and  the  OER,  attractively,  the 
LaNio.s5Mgo.15O3  perovskite  oxide  shows  the  highest  catalytic  ac¬ 
tivity.  Besides,  the  specific  capacity  of  the  non-aqueous  Li-air 
battery  based  on  LaNii_xMgx03  (x  =  0,  0.08,  0.15)  perovskite  oxide 


is  found  to  increase  in  the  following  order: 
LaNi03  >  LaNi0.92Mg0.08O3  >  LaNio.85Mgo.15O3,  which  is  in  good 
agreement  with  the  trend  in  the  catalytic  activity  of  the  as- 
prepared  perovskite  oxides.  In  summary,  LaNii_xMgx03  (x  =  0, 
0.08,  0.15)  perovskite-type  oxides  described  here  will  be  promising 
high-performance  and  low-cost  catalysts  for  the  oxygen  electrode 
in  Li-air  primary  or  rechargeable  batteries. 
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